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(57) ABSTRACT 

In a data communication system for carrying out data 
communication and a radio communication apparatus, espe- 
cially in a structure including a data transmitting part for 
transmitting data through a radio link, and a data receiving 
part for sending back a receipt acknowledgment signal to 
notify reception, this invention is characterized in that a 
control is carried out so that in a case where the receipt 
acknowledgment signal can not be obtained because of 
quality degradation of the radio link, or in a case where the 
receipt acknowledgement signal can not be obtained because 
of handover in a data communication using a mobile, a 
pseudo receipt acknowledgment signal is used to avoid a 
reduction of throughput from the data transmitting part, 
which occurs in the case where the receipt acknowledgment 
signal can not be obtained. 
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DATA COMMUNICATION SYSTEM AND 
WIRELESS COMMUNICATION DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to a data communi- 
cation system or a radio communication apparatus for car- 
rying out radio data communication, and particularly to a 
control of data transmission and receipt acknowledgment 
response. 

BACKGROUND ART 

[0002] As a data communication system in which a receipt 
acknowledgment response signal is transmitted in response 
to transmitted data, for example, there is a TCP data com- 
munication system in which in response to transmitted TCP 
(Transmission Control Protocol) data, a TCP-ACK 
(Acknowledge) signal (hereinafter referred to as an ACK 
signal) as a reception acknowledgement signal is transmitted 
from a receiving part. In the TCP communication system, in 
the case where a link used by a plurality of users and ports 
is congested, an ACK signal does not reach a data transmit- 
ting part, so that a slow start processing is carried out to 
avoid the link congestion and the data transmission is 
suppressed. 

[0003] FIG. 6 shows a time change of throughput at the 
time of a slow start processing in a TCP data communication 
system, in which the horizontal axis indicates the time and 
the vertical axis indicates the throughput. If a link is con- 
gested by an increase of data transmitted through the link, 
there occurs a state in which between opposed transmission 
and reception, TCP data does not normally reach a receiving 
part and an ACK signal does not normally reach a trans- 
mitting part. At this time, at the transmitting part, if a time 
from the transmission of the TCP data to the reception of the 
ACK signal exceeds a predetermined set time and an ACK 
time-out occurs, it is judged that "the link is congested", and 
the slow start processing is carried out in which the amount 
of data to be transmitted (that is, throughput) is once 
lowered, and then, the amount of transmitted data (through- 
put) is gradually increased within a given time. In FIG. 6, 
an arrow A indicates the point of time when the time-out 
occurs, and an arrow B indicates a subsequent slow start 
processing period. 

[0004] In the case where the TCP data communication is 
carried out through links including a radio link, there occurs 
a case where the TCP data or the ACK signal does not 
normally reach because of quality degradation of the radio 
link. Here, the quality degradation of the radio link means a 
received electric field level, BER (Bit Error Rate) degrada- 
tion, instantaneous interruption, or the like which is caused 
by fading or handover performed by a movable receiving 
means to base stations* and any-of them has such a property 
that it is immediately recovered. At this time, the TCP radio 
communication apparatus judges that the link is congested 
on the basis of the nonreception of the ACK signal, and 
carries out the foregoing slow start processing, so that there 
has been a problem that even if the quality of the radio link 
is immediately recovered, the throughput does not rise 
quickly. 

[0005] The present invention has been made to solve the 
above problem, and a first object thereof is to provide a data 
communication system in which in a case where a receipt 


acknowledgment signal can not be obtained because of 
quality deterioration of a radio link, a slow start processing 
is avoided and data communication can be quickly 
reopened. 

[0006] Besides, a second object is to provide a data 
communication system in which in a case where a receiving 
part receives data having an error because of quality dete- 
rioration of a radio link, a slow start processing is avoided 
and data communication can be quickly reopened. 

[0007] Besides, a third object is to provide a radio com- 
munication apparatus in which in a case where a receipt 
acknowledgment signal can not be obtained because of 
quality degradation of a radio link, a slow start processing is 
avoided and data communication can be quickly reopened. 

[0008] Besides, a fourth object is to provide a radio 
communication apparatus in which in a case where a receipt 
acknowledgment signal can not be obtained because of 
quality degradation of a radio link, a slow start processing is 
avoided by simple control and data communication can be 
quickly reopened. 

[0009] A fifth object is to provide a data communication 
system in which in a case where a receipt acknowledgment 
signal can not be obtained because of handover of a movable 
receiving means, a slow start processing is avoided and data 
communication can be quickly reopened. 

DISCLOSURE OF THE INVENTION 

[0010] A data communication system according to a first 
invention of this application is constructed such that a data 
transmitting part transmits data through a radio link, and a 
data receiving part sends back a receipt acknowledgment 
signal to notify reception, and in a case where the receipt 
acknowledgment signal can not be obtained because of 
quality degradation of the radio link, a control is carried out 
so that a pseudo receipt acknowledgment signal is used to 
avoid a reduction of throughput from the data transmitting 
part which occurs in the case where the receipt acknowl- 
edgment signal can not be obtained. 

[0011] Besides, a data communication system of a second 
invention of this application carries out, in the first inven- 
tion, a control so that the data transmitting part receives the 
pseudo receipt acknowledgment signal to avoid the reduc- 
tion of the throughput. 

[0012] According to the data communication system of the 
first and second inventions, in the case where the receipt 
acknowledgment signal can not be obtained because of the 
quality degradation of the radio link, the slow start process- 
ing is avoided by using the pseudo receipt acknowledgment 
signal, so that the data communication can be quickly 
—reopened after the recovery of. the quality degradation of the 
radio link. 

[0013] Besides, a data communication system according 
to a third invention of this application carries out, in the first 
invention, a control so that in a case where the data receiving 
part receives data having an error because of the quality 
degradation of the radio link, a radio communication appa- 
ratus of the data receiving part carries out error compensa- 
tion and the radio communication apparatus of the receiving 
part transmits the pseudo receipt acknowledgment signal, 
whereby the reduction of the throughput is avoided. 
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[0014] According to the data communication system of the 
third invention, in the case where the data receiving part 
receives the data having the error because of the quality 
degradation of the radio link, the data receiving part trans- 
mits the pseudo receipt acknowledgment signal to avoid the 
slow start processing, so that the data communication can be 
quickly reopened after the recovery of the quality degrada- 
tion of the radio link. 

[0015] Besides, a radio communication apparatus accord- 
ing to a fourth invention of this application is used for a data 
communication system constructed such that a data trans- 
mitting part transmits data through a radio link and a data 
receiving part sends back a receipt acknowledgment signal 
to notify reception, and includes a transmission unit for 
transmitting the data to the radio link, a reception unit for 
receiving the receipt acknowledgment signal, and a control 
unit for avoiding, in a case where the reception unit does not 
receive a receipt acknowledgment signal because of quality 
degradation of the radio link, a reduction of throughput 
which occurs in the case where the receipt acknowledgment 
signal can not be obtained, by using a pseudo receipt 
acknowledgment signal. 

[0016] According to the data communication system of the 
fourth invention, in the case where the receipt acknowledg- 
ment signal can not be obtained because of the quality 
degradation of the radio link, the pseudo receipt acknowl- 
edgment signal is used to avoid the slow start processing, so 
that the data communication can be quickly reopened after 
the recovery of the quality degradation of the radio link. 

[0017] Besides, a radio communication apparatus accord- 
ing to a fifth invention of this application carries out, in the 
fourth invention, a control so as to avoid the reduction of the 
throughput by transmitting the pseudo receipt acknowledg- 
ment signal to the data transmitting part in the case where 
the reception unit does not receive the receipt acknowledg- 
ment signal because of the quality degradation of the radio 
link. 

[0018] Besides, a radio communication apparatus accord- 
ing to a sixth invention of this application includes, in the 
fifth invention, a radio link state judgment unit for judging 
the quality degradation of the radio link, in which the quality 
degradation of the radio link is judged by the radio link state 
judgment unit, and a control is carried out so as to avoid the 
reduction of the throughput by transmitting the pseudo 
receipt acknowledgment signal to the data transmitting part 
in the case where the reception unit does not receive the 
receipt acknowledgment signal. 

[0019] Besides, a radio communication apparatus accord- 
ing to a seventh invention of this application includes, in the 
fifth invention, a receipt storage unit for storing the received 
receipt acknowledgment signal, in which the pseudo receipt 
acknowledgment signal is based on the receipt acknowledg- 
ment signal stored in the receipt" storage unit. 

[0020] Besides, a radio communication apparatus accord- 
ing to an eighth invention of this application carries out, in 
the fifth invention, a control so that in the case where the 
reception unit does not receive the receipt acknowledgment 
signal because of the quality degradation of the radio link, 
a pseudo transmission data is transmitted to the receiving 
part. 

[0021] Besides, a radio communication apparatus accord- 
ing to a ninth invention of this application includes, in the 


fifth invention, a transmission storage unit for storing data to 
be transmitted, and carries out a control so that in the case 
where the reception unit docs not receive the receipt 
acknowledgment signal because of the quality degradation 
of the radio link, the data stored in the transmission storage 
unit is retransmitted to the receiving side. 

[0022] According to the radio communication apparatus 
of the fifth, sixth, seventh, eighth, and ninth invention, in the 
case where the transmitting side can not receive the receipt 
acknowledgment signal because of the quality degradation 
of the radio link, the pseudo receipt acknowledgment signal 
is transmitted to the data transmitting part to avoid the slow 
start processing, so that the data communication can be 
quickly reopened after the recovery of the quality degrada- 
tion of the radio link. 

[0023] Further, a data communication system according to 
a tenth invention of this application includes a base station 
control apparatus disposed in a data transmitting part, a 
plurality of base stations connected to the base station 
control apparatus, and a movable receiving means switch- 
able to the plurality of base stations by handover, and is 
constructed such that the data transmitting part transmits 
data through a radio link, and the movable receiving means 
sends back a receipt acknowledgment signal to notify recep- 
tion, in which a control is carried out so that in a case where 
the receipt acknowledgment signal can not be obtained 
because of the handover of the movable receiving means, the 
data transmitting part receives a pseudo receipt acknowl- 
edgment signal to avoid a reduction of throughput from the 
data transmitting part, which occurs in the case where the 
receipt acknowledgement signal can not be obtained. 

[0024] According to the data communication system of the 
tenth invention, in the case where the receipt acknowledg- 
ment signal can not be obtained because of the handover of 
the movable receiving means, the pseudo receipt acknowl- 
edgment signal is used to avoid the slow start processing, so 
that the data communication can be quickly reopened after 
the recovery of the quality degradation of the radio link. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a block diagram showing a radio com- 
munication apparatus in embodiment 1 of the invention; 

[0026] FIG. 2 is an explanatory view of a structure and an 
operation of a data communication system in the embodi- 
ment 1 of the invention; 

[0027] FIG. 3 is an explanatory view of a structure and an 
operation of a data communication system in embodiment 2 
- of the invention; - 

[0028] FIG. 4 is a structural view of a data communication 
system in embodiment 3 of the invention; 

[0029] FIG. 5 is an operation explanatory view of the data 
communication system in the embodiment 3 of the inven- 
tion; and 

[0030] FIG. 6 is a graph showing a time change of 
throughput at the time of a slow start processing in the 
related art. 
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BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0031] Embodiment 1 

[0032] FIG. 1 is a block diagram showing a radio com- 
munication apparatus in an embodiment of the invention. In 
FIG. 1, a transmission buffer unit 1 includes a buffer 
memory 3 for storing TCP data to be transmitted and a 
transmission buffer control unit 4 connected to this buffer 
memory 3, for controlling input/output of the TCP data to 
and from the buffer memory 3, and has a function of 
transmitting the inputted TCP data (TCP-DATA) to a radio 
link 25. A reception buffer unit 2 receives an ACK signal 
from the radio link 25, and includes a buffer memory 10 for 
storing the received ACK signal, a reception buffer control 
unit 5 connected to the buffer memory 10, for controlling 
input/output of the ACK signal to and from the buffer 
memory 10, and a pseudo ACK control unit 7 connected to 
the reception buffer control unit 5, for generating and 
transmitting a pseudo ACK signal as a pseudo receipt 
acknowledgement signal. 

[0033] An upper protocol type judgment unit 6 is con- 
nected to the transmission buffer unit 1 and the reception 
buffer unit 2, and judges whether data inputted to the 
transmission buffer unit 1 or the reception buffer unit 2 is 
TCP data or not. As a transport protocol equivalent to the 
TCP, there is UDP (User Datagram Protocol), however, in 
the UDP, only distribution of datagram is carried out, and 
receipt acknowledgment is not carried out, that is, an ACK 
signal is not transmitted/received, so that the invention can 
not be applied. Accordingly, it is necessary to judge whether 
data is the TCP data or not, so that the invention is applied 
to only the case where the data to be communicated is the 
TCP data. 

[0034] Reference numeral 8 designates a radio link state 
judgment unit for monitoring and judging the state of the 
radio link 25 to which the radio communication apparatus is 
connected, in which for example, a BER (Bit Error Rate) is 
always measured and the result of judgment of the height of 
the BER with respect to a predetermined threshold is noti- 
fied to the reception buffer unit 2. An allowable delay timer 
9 is connected to the transmission buffer unit 1 and the 
reception buffer unit 2, and starts to count when the TCP data 
is transmitted from the transmission buffer unit 1, and in the 
case where an ACK signal corresponding to the transmitted 
TCP data is not received by the reception buffer unit 2 within 
a predetermined time, the timer times out and notifies the 
reception buffer unit 2. 

[0035] Next, the operation of this radio communication 
apparatus will be described. First, when data to be trans- 
mitted is inputted to the transmission buffer unit 1, the upper 
protocol type judgment unit 6 judges the i inputted [data, and 
if it is the TCP data, the transmission buffer control unit 4 
stores the data into the buffer memory 3, and transmits it to 
the link 25. At the same time as the transmission of the TCP 
data from the transmission buffer unit 1, the allowable delay 
timer 9 starts to count. 

[0036] When the reception buffer unit 2 normally receives 
the ACK signal corresponding to the transmitted TCP data, 
the TCP data which is stored in the buffer memory 3 of the 
transmission buffer unit 1 and ihe corresponding ACK signal 
of which is received is deleted from the buffer memory 3. 


The reception buffer control unit 5 stores the received ACK 
signal into the buffer memory 10, and transmits it to the data 
transmitting part. In the case where the ACK signal corre- 
sponding to the transmitted TCP data is not received by the 
reception buffer unit 2, and time-out is notified from the 
allowable delay timer 9, on the basis of the judgment result 
of the radio link state judgment unit 8, the reception buffer 
unit 2 transmits a pseudo ACK signal to the data transmitting 
part. That is, the radio link state judgment unit 8 measures 
the BER of the received signal, and judges that the link 
quality is degraded in the case where the BER is higher than 
a predetermined threshold. On the basis of the judgment 
result, the reception buffer unit 2 carries out the control so 
that the pseudo ACK signal is generated by the pseudo ACK 
control unit 7 and is transmitted to the data transmitting part. 

[0037] Incidentally, in the case where a signal used for the 
judgment is not received because of the degradation of the 
link quality, the radio link state judgment unit 8 recognizes 
the BER that it has the maximum value (1), and judges that 
the link quality is degraded. Besides, a judgment method of 
the radio link state is not limited to the foregoing method, 
and for example, a hysteresis judgment etc. can also be 
adopted in which a level of a reception electric field is 
measured, and it is judged that the link quality is degraded 
in the case where the level of the electric field becomes 
lower than a predetermined degradation threshold b, and it 
is judged that the link quality is recovered in the case where 
the level of the electric field becomes higher than a prede- 
termined recovery threshold c (b<c). 

[0038] FIG. 2 is an explanatory view of a structure and an 
operation of a data communication system using the radio 
communication apparatus shown in FIG. 1, and in the 
drawing, the data communication system is a client server 
system for carrying out TCP data communication, and is 
constructed such that a server 21 is connected to a base 
station 22, a client 24 is connected to a mobile station 23, 
and the base station 22 and the mobile station 23 are 
connected to each other through a radio link 25. The base 
station 22 has the built-in radio communication apparatus 
shown in FIG. 1, transmits the TCP data inputted from the 
server 21 as the data transmitting part to the radio link 25, 
and receives an after-mentioned ACK signal to relay it to the 
data transmitting part. The client 24 is the data receiving 
part, receives the TCP data through the mobile station 23, 
and transmits the ACK signal as receipt acknowledgment 

[0039] Next, the operation of this client server system will 
be described. Here, since the details of the operation of the 
base station 22 are the same as those of the operation of the 
radio communication apparatus shown in FIG. 1, the expla- 
nation is omitted. When TCP data dl is transmitted from the 
server 21, the base station 22 transmits the inputted TCP data 
dl to the_radio_link 25. In.the case where the state of.the.link 
is excellent, this TCP data dl reaches the mobile station 23 
and is delivered to the client 24. The client 24 to which the 
TCP data dl is delivered transmits an ACK signal a2 as 
receipt acknowledgment. In the case where the state of the 
link is excellent, this ACK signal a2 reaches the base station 
22 from the mobile station 23 through the radio link 25, and 
the base station 22 transmits the received ACK signal a2 to 
the server 21. 

[0040] As stated above, in the case where the state of the 
link is excellent and normal data communication is carried 
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out, tbe base station 22 transmits the TCP data dl to the radio 
link 25, and at the same time, the allowable delay timer 9 
starts to count, and the count value is cleared by receiving 
the ACK signal a2 corresponding to the transmitted TCP 
data dl before the allowable delay timer 9 times out. 

[0041] Next, when TCP data d2 is transmitted from the 
server 21, the base station 22 transmits the inputted TCP data 
d2 to the radio link 25, and at the same time, as described 
above, the allowable delay timer 9 starts to count. When the 
TCP data d2 reaches the mobile station 23 and is delivered 
to the client 24, the client 24 transmits an ACK signal a3 as 
receipt acknowledgment. If the ACK signal a3 transmitted 
from the mobile station 23 to the radio link 25 does not reach 
the base station 22 within a predetermined time t counted by 
the allowable delay timer 9 of the base station 22 because of 
some cause, this allowable delay timer 9 times out. 

[0042] In the case where the ACK signal a3 does not reach 
the base station 22 within the predetermined time t, in the 
base station 22, the state measurement value of the radio link 
25 by the radio link state judgment unit 8 is confirmed, and 
as a result, when it is judged that the quality of the radio link 
is degraded, it is assumed that the ACK signal a3 was not 
obtained because of tbe quality degradation of the radio link 
and the control is carried out to transmit a pseudo ACK 
signal a2* to the server 21. The server 21 receives the pseudo 
ACK signal a2', and retransmits the TCP data 62 of the 
sequence number requested on the basis of the ACK number 
without lowering the throughput. By this, it is possible to 
avoid the reduction of the throughput which is caused when 
the ACK signal is not obtained because of the quality 
degradation of the radio link. Thereafter, also in the case 
where the state of the radio link is recovered and the ACK 
signal a3 is normally received, TCP data d3 (not shown) can 
be quickly transmitted without carrying out the slow start 
processing. 

[0043] In the above description, the pseudo ACK signal 
a2' may be made an ACK number equal to a normal ACK 
signal received just before, and a reception window size may 
be made zero. The ACK number indicates the sequence 
number of TCP data which is requested to be next trans- 
mitted, and the reception window size indicates a buffer size 
which can be received by the receiving part When the 
reception window size of the pseudo ACK signal a2' is zero, 
the server 21 regards the processing at the client side as 
being congested, and makes the transmitted TCP data d2 
have a minimum size for poling. Thus, such effects can be 
obtained that the transmission processing is reduced and the 
efficiency of the use of the link is improved. Besides, as the 
pseudo ACK signal transmitted from the reception buffer 
unit 2 to the data transmitting part, instead of the signal 
generated by the pseudo ACK control unit 7, the ACK signal 
already received and stored in the buffer memory 10 may be 
used. In that case, there is an effect that the processing is 
simplified. 

[0044] Although FIG. 2 shows the example in which the 
ACK signal a3 transmitted from the mobile station 23 to the 
base station 22 is lost, also in the case where the TCP data 
d2 transmitted from the base station 22 to the mobile station 
23 is lost, after the allowable delay timer 9 of the base station 
22 times out, by retransmitting the TCP data without low- 
ering the throughput similarly to the above, it is possible to 


avoid the reduction of the throughput which occurs when the 
ACK signal can not be obtained because of the quality of the 
radio link. 

[0045] Embodiment 2 

[0046] FIG. 3 is an explanatory view of a structure and an 
operation of another embodiment of a data communication 
system of tbe invention. In the drawing, the data commu- 
nication system is a client server system for carrying out 
TCP data communication similarly to FIG. 2, and the same 
symbols as those of FIG. 2 designate tbe same units, and the 
explanation is omitted. Similarly to the embodiment 1, a 
base station 22 has a built-in radio communication apparatus 
described in the embodiment 1, however, in the embodiment 
2, a buffer memory 3 (FIG. 1) of this radio communication 
apparatus includes capacity for storing a plurality of trans- 
mission TCP data. That is, this client server system is 
characterized in that tbe base station 22 has a function of 
storing a plurality of TCP data inputted from the server 21, 
and in the case where an ACK signal is not obtained within 
a predetermined time, the control is carried out so that a 
pseudo ACK signal in which an ACK number is advanced is 
transmitted to the server 21 to urge the input of new TCP 
data successively, and the stored TCP data is transmitted and 
retransmitted to a client 24 irrespective of the operation of 
the server 21. 

[0047] Next, the detailed operation of this client server 
system will be described. Reference symbols 3a to 3e 
designate the content of the buffer memory 3 of the trans- 
mission buffer unit in FIG. 1, that is, stored data. Since the 
details of the operation of the base station 22 are the same 
as those of the operation of the radio communication appa- 
ratus shown in FIG. 1, the explanation is omitted. 

[0048] When TCP data dl is transmitted from the server 
21, the base station 22 stores the inputted TCP data dl into 
the buffer memory 3, and transmits it to the radio link 25. At 
the same time, as described before, the allowable delay timer 
9 starts to count. The content of the buffer memory 3 
becomes the data dl as indicated by the symbol 3a. When 
this TCP data dl reaches the mobile station 23 and is 
delivered to the client 24, the client 24 transmits an ACK 
signal a2 as receipt acknowledgment. If the ACK signal a2 
transmitted from the mobile station 23 to the radio link 25 
does not reach the base station 22 because of some cause 
within a predetermined time t counted by the allowable 
delay timer 9 of the base station 22, this allowable delay 
timer 9 times out. 

[0049] At this time, in the base station 22. the state of the 
radio link 25 is measured by the radio link state judgment 
unit 8, and as a result, if it is judged that the link quality is 
degraded, it is assumed that the ACK signal a2 was not 
obtained because of the quality degradation of the radio link, 
and the control is carried out to transmit a pseudo ACK 
-signal a2'~having an ACK number equal to the~ACK signal 
a2 corresponding to the TCP data dl received from the 
server 21 just before. The server 21 receives the pseudo 
ACK signal a2', and transmits TCP data d2 of a requested 
sequence number to the base station 22 on the basis of the 
ACK number of the pseudo ACK signal a2\ That is, the 
server 21 carries out the same operation as the case where 
the ACK signal a2 corresponding to the transmitted TCP 
data dl was obtained. 

[0050] Next, the base station 22 which received the TCP 
data d2 from the server 21 stores this into the buffer memory 
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3, and retransmits the oldest TCP data stored in the buffer 
memory 3, that is, the oldest TCP data dl in relation to which 
the corresponding normal ACK signal is not received, to the 
radio link 25. The content of the buffer memory 3 becomes 
the data dl plus the data d2 as indicated by the symbol 36. 
At the same time, the allowable delay timer 9 starts to count. 
At this time, in the case where the ACK signal a2 corre- 
sponding to the retransmitted TCP data dl is not obtained 
again, and the allowable delay timer 9 times out, it is judged 
that the quality of the radio link is degraded, a pseudo ACK 
signal a3' having an ACK number equal to an ACK signal a3 
corresponding to the TCP data d2 received from the server 
21 just before is transmitted to the server 21. The server 21 
receives the pseudo ACK signal a3', and transmits TCP data 
d3 of a requested sequence number to the base station 22 on 
the basis of the ACK number. That is, the server 21 carries 
out the same operation as the case where the ACK signal a3 
corresponding to the transmitted TCP data d2 is obtained. 

[0051] Besides, the base station 22 which received the 
TCP data d3 from the server 21 stores this into the buffer 
memory 3, and further retransmits the oldest TCP data dl 
stored in the buffer memory 3 to the radio link 25. The 
content of the buffer memory 3 becomes the data dl, the data 
dl, plus the data d3 as indicated by the symbol 3c. At the 
same time, the allowable delay timer 9 starts to count. If the 
quality degradation of the radio link is recovered and the 
ACK signal a2 is received before the allowable delay timer 
9 times out, not the ACK signal a2, but a pseudo ACK signal 
a4' having an ACK number equal to an ACK signal a4 
corresponding to the TCP data d3 received from the server 
21 just before is transmitted to the server 21. At this time, the 
TCP data dl in relation to which the corresponding ACK 
signal a2 is received is deleted from the buffer memory 3. 
Irrespective of the operation of the server 21, the TCP data 
dl requested by the ACK signal a2 is read out from the 
buffer memory 3 and is transmitted to the radio link 25. 

[0052] Here, further, when the base station 22 normally 
.receives the ACK signal a3, the corresponding TCP data d2 
is deleted from the buffer memory 3, and the content of the 
buffer memory 3 becomes the data d3 as indicated by the 
symbol 3d, and irrespective of the operation of the server 21, 
the TCP data d3 requested by the ACK signal a3 is read out 
from the buffer memory 3 and is transmitted to the radio link 
25. Since the pseudo ACK signal a4' corresponding to the 
TCP data d3 received from the server 21 just before is 
already transmitted to the server 21, anything is not trans- 
mitted to the server 21 at this time. 

[0053] On the other hand, the server 21, which received 
the pseudo ACK signal a4' from the base station 22, trans- 
mits TCP data d4 to the base station 22 on the basis of the 
ACK number. That is, the server 21 carries out the^same^ 
operation as the case where the ACK signal a4 correspond- 
ing to the transmitted TCP data d3 was obtained. When 
receiving the TCP data d4 from the server 21, the base 
station 22 temporarily stores it into the buffer memory 3, 
waits for the reception of the ACK signal a4, and reads out 
it from the buffer memory 3 to transmit to the radio link 25. 
The content of the buffer memory 3 becomes the data d4 as 
indicated by symbol 3e. When an ACK signal a5 is received, 
the ACK signal a5 as the ACK signal corresponding to the 
TCP data d4 received from the server 21 just before is 
transmitted to the server 21 as it is. 


[0054] In the client server system controlled as described 
above, since the server 21 operates irrespectively of the 
quality degradation of the radio link, the reduction of the 
throughput can be avoided, and in this structure, since the 
window size of the ACK signal is not made zero, and the 
extension of a poling frequency by zero window search can 
also be prevented, the data communication can be quickly 
started after the recovery of the quality degradation of the 
radio link. 

[0055] Although FIG. 3 shows the example in which the 
ACK signal transmitted from the mobile station 23 to the 
base station 22 is lost, in the case where the TCP data 
transmitted from the base station 22 to the mobile station 23 
is lost, it is conceivable that for example, with respect to the 
TCP data, especially to a header portion, means for carrying 
out FEC (Forward Error Correction) strengthening, HEC 
(Header Error Control) extension, or a processing such as bit 
interleave a header into a data portion is provided at a 
transmitting side radio communication apparatus, and means 
for recovering the header portion is provided at a receiving 
side radio communication apparatus. By doing so, in the 
mobile station 23 as the receiving side radio communication 
apparatus, there occurs a case where at least the header 
portion can be recovered by error correction and can be read 
out from the TCP data in which an error occurs by some 
cause. In this case, a control may be carried out so that the 
mobile station 23 stores a recently transmitted ACK signal, 
copies an ACK signal corresponding to the TCP header 
which could be read out, and sends it back to the server 21 
through the base station 22. Further, the window size of the 
ACK signal may be changed to zero. 

[0056] In the case of the above, when receiving the ACK 
signal, the server 21 retransmits the TCP data, or transmits 
poling TCP data corresponding to the zero window ACK 
signal, That is, since the server 21 can receive the ACK 
signal sent back from the mobile station 23 without waiting 
for the time-out of the allowable delay timer 9 of the base 
station 22, the reduction of the throughput can be avoided, 
and the communication can be more quickly reopened after 
the recovery of the quality degradation of the radio link. 

[0057] The above structure shows the case where the base 
station 22 has the built-in radio communication apparatus 
shown in FIG. 1, the TCP data is transmitted in the direction 
from the base station 22 to the mobile station 23, and the 
ACK signal is sent back in the direction from the mobile 
station 23 to the base station 22. However, of course, the 
invention is not be limited to this, and even when such a 
structure is adopted that the mobile station 23 has the built-in 
radio communication apparatus shown in FIG. 1, the TCP 
data is transmitted in the direction from the mobile station 23 
to the base station 22, and the ACK signal is transmitted in 
the direction from the base station 22 to the mobile station 
23, thlTsanoVeffe^t as~the libover aufbe oHainedrBesidesT 
also in the case where the server 21 is contained in the base 
station 22 similarly to the radio communication apparatus, 
and the client 24 is contained in the mobile station 23, the 
same operation and effect can be obtained. 

[0058] Embodiment 3 

[0059] FIG. 4 is a structural view showing another 
embodiment of a data communication system according to 
the invention. In the drawing, this data communication 
system includes a server 41, a base station control apparatus 
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42, a base station A 43, a base station B 44, and a mobile 
station 45. The server 41, toe base station A 43, and the base 
station B 44 are respectively connected to the base station 
control apparatus 42, and the mobile station 45 is connected 
through a radio link 46 to the base station A and the base 
station B changeably by handover. In FIG. 4, symbols 45a, 
456, 45c, 4Sd do not indicate that there are plural mobile 
stations, but indicate that the one mobile station 45 moves in 
the direction of an arrow M temporally. Incidentally, here, it 
is assumed that the mobile station has a built-in TCP client 
function or is connected thereto. 

[0060] The base station A 43 and the base station B 44 
have a function of notifying the base station control appa- 
ratus 42 of the radio link quality information and the 
handover information of the mobile station 45. The mobile 
station 45 is a movable receiving means, receives TCP data 
through the radio link 46, and transmits an ACK signal as 
receipt acknowledgment. The base station control apparatus 
42 has the built-in radio communication apparatus as 
described in the embodiment 1, transmits the TCP data 
inputted from the server 41 as a data transmitting part 
through the base station 42 to the radio link 46, receives the 
ACK signal through the base station 42 and transfers it to the 
server 41. In the radio communication apparatus of the 
embodiment 3, especially the reception buffer unit 2 has a 
function of obtaining the handover information of the 
mobile station 45 from the base station A 43 and the base 
station B 44. That is, this data communication system is 
characterized in that in the case where the ACK signal can 
not be obtained within a predetermined time because of the 
quality degradation of the radio link, or because of inter- 
ruption (instantaneous interruption) of the TCP communi- 
cation caused when the handover of the mobile station 45 
occurs from the base station A to the base station B, the 
control is carried out so that a false ACK signal is used to 
avoid a reduction of throughput from the server 41. 

[0061] FIG. 5 is an operation explanatory view showing 
an operation of this data communication system, and the 
detailed operation of this data communication system will be 
described by use of this drawing. Since the same symbols as 
those of FIG. 4 designate the same units, the explanation is 
omitted. Besides, since the details of the operation of the 
base station control apparatus 42 is the same as the operation 
of the radio communication apparatus shown in FIG. 1, the 
explanation is omitted. Incidentally, in FIG. 5, reference 
symbol TH designates a handover period of the mobile 
station 45. 

[0062] When TCP data dl is transmitted from a server 41, 
the base station control apparatus 42 transmits the inputted 
TCP data dl through a base station A 43 to a radio link 46. 
In the case where the state of the link is excellent, the TCP 
data dl reaches a mobile station 45, a nd-the mobile station 
45 transmits an ACK signal a2 as receipt acknowledgment. 
In the case where the state of the link is excellent, this ACK 
signal a2 reaches the base station control apparatus 42 
through the radio link 46 and the base station A 43, and the 
base station control apparatus 42 transmits the received 
ACK signal a2 to the server 41. 

[0063] The base station 42 transmits the TCP data dl to the 
base station A 43, and at the same time, an allowable delay 
timer 9 starts to count, and in the case where the state of the 
link is excellent and normal data communication is carried 


out as stated above, the ACK signal al corresponding to the 
transmitted TCP data dl is received before the allowable 
delay timer 9 times out, so that the count value is cleared. 

[0064] Next, when TCP data d2 is transmitted from the 
server 41, the base station control apparatus 42 transmits the 
inputted TCP data d2 to the base station A 43, and at the 
same time, the allowable delay timer 9 starts to count as 
described before. When this TCP data d2 reaches the mobile 
station 45, the mobile station 45 transmits an ACK signal a3 
as receipt acknowledgment. If this ACK signal a3 does not 
reach the base station control apparatus 42 by some cause 
within a predetermined time t counted by the allowable 
delay timer 9 of the base station control apparatus 42, this 
allowable delay timer 9 times out. 

[0065] At this time, in the base station control apparatus 
42, the state of the radio link 46 is measured by a radio link 
state judgment unit 8, and the existence of handover infor- 
mation from the base station A 43 or the base station B 44 
is confirmed. As a result, when information SL to indicate 
the degradation of the quality of the radio link is obtained or 
handover information SH of the mobile station 45 is 
obtained, the control is carried out to transmit a pseudo ACK 
signal a2' having an ACK number equal to the normal ACK 
signal received just before to the server 41. The server 41 
receives the pseudo ACK signal a2', and retransmits the TCP 
data d2 of a request sequence number on the basis of the 
ACK number. By this, it is possible to avoid the reduction 
of throughput which is caused when the ACK signal can not 
be obtained because of the quality degradation of the radio 
link (including the instantaneous interruption of the link by 
the handover of the mobile station 45). Thereafter, when the 
quality degradation of the radio link is recovered and the 
ACK signal a3 is normally received, TCP data d3 (not 
shown) can be quickly transmitted without carrying out a 
slow start processing. 

[0066] Incidentally, similarly to the base station 22 of the 
embodiment 2, in the case where the base station control 
apparatus 42 includes the buffer memory 3 which can store 
a plurality of pieces of TCP data to be transmitted, and has 
a built-in false ACK signal control function and TCP data 
buffering function, since the server 21 operates irrespec- 
tively of the quality degradation of the radio link such as 
instantaneous interruption of the link by handover, this data 
communication system can also obtain the same effect as the 
embodiment 2. 

[0067] Further, although FIG. 5 shows the example in 
which the ACK signal a3 transmitted from the mobile station 
45 to the base station A 43 or the base station B 44 is lost, 
also in the case where the-TCP data d2 transmitted from the 
base station A 43 to the mobile station 45 is lost, when the 
same processing as the above is carried out after the allow- 
able delay timer 9 of the base station control apparatus 42 
times out, the same effect can be obtained. 

[0068] Industrial Applicability 

[0069] This invention is used for various data communi- 
cation systems for carrying out data communication, or 
various radio communication apparatuses for carrying out 
the data communication. 
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1. A data communication system comprising: 

a data transmitting part for transmitting data through a 
radio link; and 

a data receiving part for sending back a receipt acknowl- 
edgment signal to notify reception, 

characterized in that in a case where the receipt acknowl- 
edgment signal can not be obtained because of quality 
degradation of the radio link, a control is carried out so 
that a pseudo receipt acknowledgment signal is used to 
avoid a reduction of throughput from the data trans- 
mitting part, which occurs in the case where the receipt 
acknowledgment signal can not be obtained. 

2. A data communication system according to claim 1, 
characterized in that in the case where the receipt acknowl- 
edgment signal can not be obtained because of the quality 
degradation of the radio link, a control is carried out so that 
the data transmitting part receives the pseudo receipt 
acknowledgment signal to avoid the reduction of the 
throughput. 

3. A data communication system according to claim 1, 
characterized in that in a case where the data receiving part 
receives data having an error because of the quality degra- 
dation of the radio link, a control is carried out so that a radio 
communication means of the data receiving part including a 
means for compensating the error transmits the pseudo 
receipt acknowledgment signal to avoid the reduction of the 
throughput. 

4. A radio communication apparatus used for a data 
communication system comprising a data transmitting part 
for transmitting data through a radio link and a data receiv- 
ing part for sending back a receipt acknowledgment signal 
to notify reception, the radio communication apparatus 
characterized by comprising: 

a transmission unit for transmitting the data to the radio 
link; 

a reception unit for receiving the receipt acknowledgment 
signal; and 

a control unit for avoiding, in a case where the reception 
unit does not receive the receipt acknowledgment sig- 
nal because of quality degradation of the radio link, a 
reduction of throughput which occurs in the case where 
the receipt acknowledgment signal can not be obtained, 
by using a pseudo receipt acknowledgment signal. 

5. A radio communication apparatus according to claim 4, 
characterized in that in the case where the reception unit 
does not receive the receipt acknowledgment signal because 
of the quality degradation of the radio link, the control unit 
transmits the pseudo receipt acknowledgment signal to the 
data transmitting part to avoid the reduction of the through- 


6. A radio communication apparatus according to claim 5, 
further comprising a radio link state judgment unit for 
judging the quality degradation of the radio link, and char- 
acterized in that the quality degradation of the radio link is 
judged by the radio link state judgment unit, and in the case 
where the reception unit does not receive the receipt 
acknowledgment signal, the control unit transmits the 
pseudo receipt acknowledgment signal to the data transmit- 
ting part to avoid the reduction of the throughput. 

7. A radio communication apparatus according to claim 5, 
further comprising a reception storage unit for storing the 
received receipt acknowledgment signal, and characterized 
in that the pseudo receipt acknowledgment signal is based 
on the receipt acknowledgment signal stored in the reception 
storage unit. 

8. A radio communication apparatus according to claim 5, 
characterized in that in the case where the reception unit 
does not receive the receipt acknowledgment signal because 
of the quality degradation of the radio link, the control unit 
transmits a pseudo transmission data to the data receiving 
part. 

9. A radio communication apparatus according to claim 5, 
further comprising a transmission storage unit for storing, 
data to be transmitted, and characterized in that in the case 
where the reception unit does not receive the receipt 
acknowledgment signal because of the quality degradation 
of the radio link, the control unit retransmits the data stored 
in the transmission storage unit to the receiving part. 

10. A data communication system comprising: 

a base station control apparatus disposed in a data trans- 
mitting part; 

a plurality of base stations connected to the base station 
control apparatus; and 

a movable receiving means switchable to the plurality of 
base stations by handover, wherein the data transmit- 
ting part transmits data through a radio link, and the 
movable receiving means sends back a receipt 
acknowledgment signal to notify reception, 

characterized in that in a case where the receipt acknowl- 
edgment signal can not be obtained because of the 
handover of the movable receiving means, a control is 
carried out so that the data transmitting part receives a 
pseudo receipt acknowledgment signal to avoid a 
reduction of throughput from the data transmitting part, 
which occurs in the case where the receipt acknowl- 
edgement signal can not be obtained. 
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